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© In a solid-state imaging device, a fixed pattern 
noise (FPN) of each pixel can be accurately and 
reliably canceled without using an analog-to-digital 
(A/D) converter and a memory having a large stor- 
age capacity. One ends of first and second sample 
and hold circuits (6a), (6b) are connected to vertical 
signal lines. A subtracter (10) is connected to the 
rear stage of the sample and hold circuits (6a), (6b) 
through a switching means (8) to thereby subtract a 
noise signal output from one of the first and second 
sample and hold circuits (6a), (6b) from a pixel 
signal outputted from the other sample and hold 
circuit. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present Invention relates to solid-state im- 5 
aging devices and, more particularly, to an am- 
plifying type solid-state imaging device in which a 
fixed pattern noise (FPN) can be canceled from a 
video signal formed from a pixel (i.e., pixel signal). 

10 

Description of the Related Art : 

FIG. 1 of the accompanying drawings shows an 
example of a conventional amplifying type solid- 
state imaging device. 75 

As shown in FIG. 1, MOS (metal oxide semi- 
conductor) transistors Qe, Qe, .... each having an 
annular-shaped gate, form pixels. The MOS transis- 
tors Qe, Qe, ... are arranged in a matrix of rows 
and columns (i.e., in a two-dimensional fashion). 20 

Each of the MOS transistors Qe, Qe has an 

annular-shaped gate. A drain provided at the out- 
side of the annular-shaped gate of the MOS tran- 
sistor Qe is connected to a power supply (V 0 d line) 
and a source provided at the inside of the annular- 25 
shaped gate of the MOS transistor Qe is connected 
to signal lines. The annular-shaped gate of the 
MOS transistor Qe is connected to vertical scan- 
ning lines. The annular-shaped gate is made of thin 
transparent polysilicon, and a channel current of 30 
the MOS transistors Qe, Qe, ... is modulated by 
photoelectrical^ converting light incident on the 
channel through the angular-shaped gate. Horizon- 
tal switching transistors Qh, Qh are connected 

between signal lines associated with vertical col- 35 
umns of pixels and output line in order to effect the 
horizontal scanning. 

A vertical scanner (vertical scanning circuit) 1 
is adapted to scan horizontal rows of the pixels that 
are arranged in a matrix fashion. A horizontal scan- 40 
ner (horizontal scanning circuit) 2 is adapted to 
control the horizontal switching transistors Qh, Qh, 
... A signal of pixel which belongs to the horizontal 
row scanned by the vertical scanner 1 and which 
belongs to the column scanned by the horizontal 45 
scanner 2 is outputted to the outside as an output 
signal of the amplifying type solid-state imaging 
device. 

An analog-to-digital (A/D) converter 3 is pro- 
vided in the outside of the amplifying type solid- 50 
state imaging device. The A/D converter 3 converts 
an output pixel signal from the amplifying type 
solid-state imaging device into a digital signal. A 
frame memory 4 is adapted to store therein one 
frame of the output signal from the A/D converter 3. 55 
More specifically, the frame memory 4 stores 
therein one frame of the output signal from the A/D 
converter 3 in order to cancel a noise signal (fixed 



pattern noise). In the following description of the 
present invention, the fixed pattern noise will be 
referred to hereinafter as "FPN" for simplicity. 

A subtracter 5 subtracts the signal (noise sig- 
nal) outputted from the frame memory 4 from the 
digital signal (pixel signal) outputted from the A/D 
converter 3. 

In the conventional solid-state imaging device 
shown in FIG. 1 , the frame memory 4 stores there- 
in one frame of a pixel signal (corresponding to an 
FPN signal, i.e., noise signal) obtained when the 
whole of the amplifying type solid-state imaging 
device is shielded from light from the outside. If the 
pixel signal is outputted from the A/D converter 3 
when light becomes incident on the amplifying type 
solid-state imaging device normally, then the noise 
signal of the pixel of the pixel signal is read out 
from the frame memory 4 and the FPN is canceled 
by subtracting the noise signal from the pixel signal 
of the same pixel by the subtracter 5. 

FIG. 2 is a schematic diagram showing an 
arrangement of another example of the conven- 
tional amplifying type solid-state imaging device. 

As shown in FIG. 2, in this amplifying type 
solid-state imaging device, the FPN that occurred 
in the pixel Tr is canceled by CDS (correlated 
double sampling) circuits 20 provided between the 
horizontal switching transistors Qh and the signal 
lines. Also, the FPN generated by the CDS circuit 
20 is canceled by subtracting the FPN from the 
pixel signal. As shown in FIG. 2, the frame memory 
4 shown in FIG. 1 is replaced with a line memory 
4a. The line memory 4a stores therein an optical 
black signal of one horizontal line portion in a 
vertical optical black row (not shown) during a 
vertical optical blanking period as a noise signal. 

The amplifying type solid-state imaging device 
shown in FIG. 1 needs the frame memory 4 having 
a storage capacity large enough to store therein 
the noise signal of one frame. Further, this solid- 
state imaging device needs the A/D converter 3 to 
digitize the output pixel signal so that the output 
pixel signal may be stored in the frame memory 4. 
There is then the problem that the amplifying type 
solid-state imaging device cannot be made inex- 
pensive. Furthermore, there is the problem that the 
noise signal of one frame should be stored in the 
frame memory 4 each time the cameraman takes a 
picture. 

The amplifying type solid-state imaging device 
shown in FIG. 2 needs the line memory 4a having 
a storage capacity of one horizontal line amount 
though this storage capacity of the line memory 4a 
is not so large as that of the frame memory 4. The 
amplifying type solid-state imaging device shown 
in FIG. 2 also needs the A/D converter 3 and 
therefore cannot be made inexpensive satisfacto- 
rily. Further, although the amplifying type solid- 
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state imaging device shown in FIG. 2 need not 
store the noise signal unlike the amplifying type 
solid-state imaging device shown in FIG. 1 and the 
noise signal is automatically written in the line 
memory 4a at every frame so as to cancel the 
FPN, the amplifying type solid-state imaging de- 
vice shown in FIG. 2 has the problem that FPNs 
which are different at every pixel cannot be can- 
celed out completely because FPNs of all horizon- 
tal lines are canceled by the optical black signal of 
one horizontal line regardless of the fact that FPNs 
are subtly different in every horizontal line. 

Furthermore, as the related art, U.S. patent No. 
4,914,519 describes a photoelectric-conversion ap- 
paratus in which sample and hold circuits sample 
and hold a signal read out from the same pho- 
toelectric converting element and a refreshed re- 
maining signal and a noise is canceled by effecting 
a subtraction on the above two signals. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide an improved solid-state imaging device 
in which the aforesaid shortcomings and disadvan- 
tages of the prior art can be eliminated. 

It is another object of the present invention to 
provide a solid-state imaging device in which a 
fixed pattern noise (FPN) of each pixel can be 
accurately and reliably canceled without using an 
analog-to-digital converter and a memory having a 
large storage capacity. 

According to a first aspect of the present in- 
vention, there is provided a solid-state imaging 
device which is comprised of a plurality of pixels 
arranged in a matrix of rows and columns, each 
pixel converting incident light into a pixel signal, 
vertical scanning lines associated with rows of the 
pixels, vertical signal lines, associated with col- 
umns of the pixels, for respectively outputting the 
pixel signal, first and second sample and hold 
circuits associated with each of the vertical signal 
lines, the sample and hold circuits sampling and 
holding the pixel signal and a noise signal al- 
ternately, and a subtracter associated to the first 
and second sample and hold circuits through first 
switching means so that an output of the first and 
second sample and hold circuits is inputted to a 
first input terminal of the subtracter when the noise 
signal is outputted, and is inputted to a second 
input terminal of the subtracter when the pixel 
signal is outputted to thereby obtain an output 
signal by subtracting the noise signal from the pixel 
signal. 

In the solid-state imaging device according to 
the first aspect of the present invention, the pixel 
signal and the noise signal from the same pixel are 
sampled and held by the same sample and hold 
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circuit of the first and second sample and hold 
circuits. 

In the solid-state imaging device according to 
the first aspect of the present invention, the first 

5 and second sample and hold circuits sample and 
hold the pixel signal and the noise signal alter- 
nately at every horizontal scanning period so that a 
pixel signal and a noise signal to be sampled and 
held during the same horizontal scanning period 

70 are generated from different pixels. 

In the solid state imaging device according to 
the first aspect of the present invention, the first 
and second sample and hold circuits and the sub- 
tracter have amplifying means and second switch- 

75 ing means connected therebetween. 

In the solid state imaging device according to 
the first aspect of the present invention, the vertical 
signal lines are grounded through load means. 
In the solid-state imaging device according to 

20 the first aspect of the present invention, the pixel 
includes an MOS transistor having a gate con- 
nected to the vertical scanning lines, a source 
connected to the vertical signal lines and a drain 
connected to a power supply. In this case, the 

25 MOS transistor is arranged such that a channel 
current is modulated on the basis of an amount of 
electric charges which are accumulated under the 
gate thereof by photoelectric conversion. 

According to a second aspect of the present 

30 invention, there is provided a solid-state imaging 
device which is comprised of a plurality of pixels 
arranged in a matrix of rows and columns, each 
pixel converting incident light into a pixel signal, 
vertical scanning lines associated with rows of the 

35 pixels, vertical signal lines, associated with col- 
umns of the pixels, for respectively outputting the 
pixel signal, a first sample and hold circuit for 
sampling and holding a pixel signal and being 
associated to a first output line, a second sample 

40 and hold circuit for sampling and holding a noise 
signal after resetting the pixel and being associated 
to a second output line, and a subtracter for receiv- 
ing an output of the first and second sample and 
hold circuits through the first and second output 

45 lines to thereby obtain an output signal by subtrac- 
ting the noise signal from said pixel signal. 

In the solid-state imaging device according to 
the second aspect of the present invention, the 
vertical signal lines are grounded through load 

50 means. 

In the solid-state imaging device according to 
the second aspect of the present invention, the 
pixel includes an MOS transistor having a gate 
connected to the vertical scanning lines, a source 

55 connected to the vertical signal lines and a drain 
connected to a power supply. In this case, the 
MOS transistor is arranged such that a channel 
current is modulated on the basis of an amount of 
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electric charges which are accumulated under the 
gate thereof by photoelectric conversion. 

In accordance with a third aspect of the 
present invention, there is provided a solid-state 
imaging device which is comprised of a plurality of 
pixels arranged in a matrix of rows and columns, 
each pixel converting incident light into a pixel 
signal, vertical scanning lines associated with rows 
of pixels, vertical signal lines, associated with col- 
umns of the pixels, for respectively outputting the 
pixel signal, first and second sample and hold 
means connected to the vertical signal lines in 
parallel to each other and sampling and holding the 
pixel signal and a noise signal alternately, and 
sampling and holding different signals of the pixel 
signal and the noise signal during the same hori- 
zonal scanning period, means for delaying an out- 
put of the pixel signal from the first sample and 
hold circuit by one horizontal scanning period and 
outputting the delayed pixel signal, and a sub- 
tracter connected to the first and second sample 
and hold circuits and subtracting a noise signal 
from an output of the delayed pixel signal. 

In the solid-state imaging device according to 
the third aspect of the present invention, the pixel 
signal and the noise signal of the same pixel are 
sampled and held by the same sample and hold 
circuit. 

Therefore, according to the solid-state imaging 
device of the present invention, since the pixel 
signal and the noise signal of the same pixel out- 
putted from the first and second sample and hold 
circuits are simultaneously inputted to the sub- 
tracter which then subtracts the noise signal from 
the pixel signal, the FPN (fixed pattern noise) of 
each pixel can be canceled accurately and reliably. 
Thus, even when the FPN between the pixels is 
fluctuated, it is possible to obtain an accurate pixel 
signal, i.e., a pixel signal which precisely corre- 
sponds to the amount of light incident on the pixel. 

According to the solid-state imaging device of 
the present invention, since the pixel signal and the 
noise signal are sampled and held by the same 
sample and hold circuit without fail, the FPN in the 
sample and hold circuit can be prevented from 
being mixed into the pixel signal and a more ac- 
curate noise signal can be obtained. 

According to the solid-state imaging device of 
the present invention, even when the pixel signal 
and the noise signal that are sampled and held by 
the first and second sample and hold circuits dur- 
ing the same horizontal scanning period are gen- 
erated from other pixel, the pixel signal and the 
noise signal of the same pixel can simultaneously 
be inputted to the subtracter by alternately sam- 
pling and holding the pixel signal and the noise 
signal by the first and second sample and hold 
circuits and by delaying the pixel signal, and the 



FPN can be canceled. 

According to the solid-state imaging device of 
the present invention, since the first sample and 
hold circuit samples and holds the pixel signal and 

5 the second sample and hold circuit samples and 
holds the noise signal and the pixel signal and the 
noise signal are simultaneously inputted to the sub- 
tracter through the first and second output lines, it 
is possible to remove the switching means that is 

70 used to input the pixel signal and the noise signal 
of the same pixel to the subtracter at the same 
time. 

According to the solid-state imaging device of 
the present invention, since the two signals from 

75 the first and second sample and hold circuits are 
switched by the second switching means and am- 
plified by one amplifying means, an S/N can be 
improved and the subtracter can subtract the noise 
signal from the pixel signal. Moreover, because the 

20 subtracted pixel signal and the subtraction noise 
signal are amplified by the same amplifying means, 
the FPN in the amplifying means can be prevented 
from being mixed into the pixel signal. 

Further, according to the solid-state imaging 

25 device of the present invention, since the vertical 
signal lines are grounded through the load means, 
the MOS transistor which forms the pixel and the 
load means constitute the source-follower circuit, 
thereby the output impedance being lowered. 

30 Further, according to the solid-state imaging 
device of the present invention, the solid-state im- 
aging device of the present invention can be ap- 
plied to a solid-state imaging device of the type 
such that the pixel is formed of the MOS transistor. 

35 Furthermore, according to the solid-state imag- 

ing device of the present invention, the solid-state 
imaging device of the present invention can be 
applied to the amplifying type solid-state imaging 
device. . 

40 The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following detailed description of 
illustrative embodiments thereof to be read in con- 
junction with the accompanying drawings, in which 

45 like reference numerals are used to identify the 
same or similar parts in the several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so FIG. 1 is a diagram showing an arrangement of 
an example of a conventional amplifying type 
solid-state imaging device; 
FIG. 2 is a diagram showing an arrangement of 
another example of a conventional amplifying 

55 type solid-state imaging device; 

FIG. 3 is a diagram showing an arrangement of 
a solid-state imaging device according to a first 
embodiment of the present invention; 
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FIG. 4 is a timing chart used to explain opera- 
tion of the first embodiment according to the 
present invention; 

FIG. 5 is a circuit diagram showing a main 
portion of a modified example of the first em- 
bodiment according to the present invention; 
FIG. 6 is a diagram showing an arrangement of 
a solid-state imaging device according to a sec- 
ond embodiment of the present invention; 
FIG. 7 is a timing chart used to explain opera- 
tion of the second embodiment according to the 
present invention; and 

FIG. 8 is a circuit diagram showing a main 
portion of a modified example of the second 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A solid-state imaging device according to the 
embodiments of the present invention will be de- 
scribed hereinafter in detail with reference to the 
drawings. 

FIG. 3 shows a solid-state imaging device ac- 
cording to a first embodiment of the present inven- 
tion. FIG. 4 is a timing chart used to explain opera- 
tion of the- first embodiment according to the 
present invention. 

The solid-state imaging device according to the 
present invention has features different from and 
common to those of the prior-art solid-state imag- 
ing devices shown in FIGS. 1 and 2. The features 
common to the conventional solid-state imaging 
devices shown in FIGS. 1 and 2 have been de- 
scribed so far and therefore only the different fea- 
tures of the solid-state imaging device shown in 
FIG. 3 will be described below in detail. 

One of the most specific features of the solid- 
state imaging device according to the first embodi- 
ment of the present invention will be described. As 
shown in FIG. 3, to vertical signal lines provided 
within the amplifying type solid-state imaging de- 
vice are connected one ends of first and second 
sample and hold circuits 6a (S/1H), 6b (S/2H) 
which sample and hold signals in response to 
sample control pulses <f>SH1, <>SH2 supplied there- 
to. The other ends of the sample and hold circuits 
6a, 6b are connected to one ends of the horizontal 
switching transistors Qh, Qh. An output signal from 
the first sample and hold circuit 6a is transmitted 
through one horizontal switching transistor Qh to a 
first output line as a first output signal Out1. An 
output signal from the second sample and hold 
circuit 6b is transmitted through the other horizontal 
switching transistor Qh to a second output line as a 
second output signal Out2. 

Specifically, according to the solid-state imag- 
ing device of the present invention, there are pro- 
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vided two combinations of a sample and hold cir- 
cuit 6 (sample and hold circuits 6a, 6b are collec- 
tively referred to hereinafter as a sample and hold 
circuit 6 when necessary) and the horizontal 

5 switching transistor Qh at every vertical signal line. 
Concurrently therewith, two output lines also are 
provided. Load transistors Ql, Ql, .... are connected 
between the respective vertical signal lines and the 
ground to thereby cause the MOS transistor Qe 

w forming the pixel to operate in a source-follower 
circuit fashion. 

Second, the solid-state imaging device accord- 
ing to the first embodiment of the present invention 
is different from the conventional amplifying type 

75 solid-state imaging devices shown in FIGS. 1, 2 in 
that the two output signals Out1, Out2 from the 
amplifying solid-state imaging device are amplified 
by AGC (automatic gain control) amplifiers 7a, 7b 
and inputted through a so-called swap switch 8 to a 

20 1H delay line 9 and a subtracter 10. In this case, 
reference symbol 1 H represents the one horizontal 
period. 

More specifically, the swap switch 8 repeats a 
switching operation at every two horizontal periods 

25 in such a manner as to transmit the first output 
signal Out1 to the 1H delay line 9 and to transmit 
the second output signal Out2 to the subtracter 10 
during one horizontal period and to transmit the 
second output signal Out2 to the 1H delay line 9 

30 and to transmit the first output signal Out1 to the 
subtracter 10 during the next horizontal period. 

An output signal from the 1H delay line 9 is 
inputted to the plus-side input terminal of the sub- 
tracter 10 and the output signal that is directly 

35 transmitted from the swap switch 8 to the sub- 
tracter 10 is inputted to the minus-side input termi- 
nal of the subtracter 10. 

Operation of the solid-state imaging device ac- 
cording to this embodiment will be described below 

40 with reference to FIG. 4. In this embodiment, it is 
assumed that a signal is read out at the field unit. 
Only one of the odd and even fields is illustrated in 
FIG. 4. 

Let it now be assumed that nth and n + 1th 
45 horizontal lines are selected. Specifically, as shown 
in FIG. 4, selection pulses 4>V n , <t>V n -i are held at 
middle level during the last one third period of the 
horizontal blanking period of the horizontal period, 
whereby a signals is read out from nth and n-1th 
so rows of the pixel. The signal thus read out, of 
course, includes both of a pixel signal and a noise 
signal. The signal thus read out is sampled and 
held by the first sample and hold circuit 6a (S/H1) 
at a timing of the sample control pulse 4>SH1 
55 during the horizontal blanking period, and then 
outputted from a first output line through the hori- 
zontal switching transistor Qh driven by the hori- 
zontal scanner 2 during the effective period of the 
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horizontal scanning period. This output signal is 
expressed as S(n, n-1) in FIG. 4. 

This signal is inputted to the 1 H delay means 9 
through the swap switch 8 from the amplifier 7a. 

In the next horizontal period, the selection 
pulses 4>V n , ^Vn-t are held at high level and the 
pixel is reset. Then, the selection pulses <f>V n , 
<i>V n -<\ are held at middle level to read out a dark 
signal, i.e., noise signal, whereafter the pulses 4>V n , 
^VVt are held at low level. 

The sample control pulse 4>SH1 is outputted 
during the dark signal is read out, and allows the 
first sample and hold circuit 6a (S/1H) to sample 
the signal of nth and n + 1th rows of the pixel, i.e., 
noise signal N(n, n + 1), 

Since the noise signal N(n, n + 1) is output from 
the amplifying type solid-state imaging device as 
the first output signal Out1 during the effective 
period and the swap switch 8 is changed in posi- 
tion at every horizonal period through the AGC 
amplifier 7b, the noise signal N(n, n + 1) is inputted 
to the minus-side input terminal of the subtracter 
10. 

Therefore, the subtracter 10 is supplied at its 
plus-side input terminal with the pixel signal (i.e., 
pixel signal containing a noise signal strictly speak- 
ing) S(n, n-1) inputted to the 1H delay line 9 one 
horizontal period before and is also supplied at its 
minus-side input terminal with a noise signal N(n, 
n-1), to thereby carry out a subtraction of S(n, n-1) 
- N(n, n-1). Thus, the subtracter 10 outputs a pixel 
signal from which a noise signal of nth and n-1th 
rows of the pixel, i.e., FPN is canceled. 

During the two horizontal periods in which the 
first sample and hold circuit 6a samples and holds 
the pixel signal S(n, n-1) and the noise signal N(n, 
n-1), the second sample and hold circuit 6b is 
operated as follows. 

When the first sample and hold circuit 6a sam- 
ples and holds the pixel signal S(n, n-1), the sec- 
ond sample and hold circuit 6b samples and holds 
a noise signal N(n-3, n-2) of n-3th and n-2th rows 
of the pixel. Then, the noise signal N(n-3, n-2) is 
inputted through the AGC amplifier 7b and the 
swap switch 8 to the minus-side input terminal of 
the subtracter 10, in which it is subtracted from a 
pixel signal S(n-3, n-2) that has been inputted to 
the 1H delay line 9 at every horizontal period. As a 
consequence, the solid-state imaging device out- 
puts a pixel signal from which a noise signal of n-3 
and n-2th rows of the pixel is canceled. 

When the first sample and hold circuit 6a sam- 
ples and holds the noise signal N(n, n-1), the 
second sample and hold circuits 6b samples and 
holds a pixel signal of S(n + 1, n + 2) of n + 1th and 
n + 2th rows of the pixel. 

As described above, when one sample and 
hold circuit 6 samples and hold the pixel signal S, 



the other sample and hold circuit 6 samples and 
holds the noise signal N of the pixel different from 
that of the pixel signal S. Then, when the sample 
and hold circuits 6a, 6b are assumed to be the 

5 same sample and hold circuit 6, the sample and 
hold circuit 6 samples and holds the pixel signal S 
of a pair of rows in one horizontal period and 
samples and holds the noise signal N of the same 
rows in the next horizontal period. The above op- 

10 eration is repeated by the sample and hold circuit 
6. 

Therefore, according to the solid-state imaging 
device of the present invention, the pixel signal 
from each pixel can be outputted under the con- 

75 dition that the noise signal of each pixel is can- 
celed therefrom. Moreover, since the pixel signal 
and the noise signal of the same row are pro- 
cessed by the same sample and hold circuit 6, a 
characteristic difference between the first and sec- 

20 ond sample and hold circuits 6a, 6b can be pre- 
vented from being mixed into the pixel signal, i.e., 
the FPN of the sample and hold circuit 6 also can 
be canceled. Therefore, the FPN can be canceled 
perfectly. 

25 FIG. 5 is a circuit diagram showing a main 

portion of a modified example of the solid state 
imaging device shown in FIG. 3. According to the 
modified example of the present invention, as 
shown in FIG. 5, the first and second output signals 

30 Out1 and Out2 are amplified by a single AGC 
amplifier 7 in a time-division manner. A contrast 
difference can be prevented from being produced 
between the scanning lines due to a gain difference 
between the AGC amplifiers 7a and 7b shown in 

35 FIG. 3. 

Although the AGC amplifiers 7a, 7b are not 
indispensable for the present invention from a the- 
ory standpoint, the level of the signal should prefer- 
ably be raised in order to increase an S/N (signal- 

40 to-noise ratio) so that a random noise that is in- 
creased by the subtraction processing may be- 
come negligibly small. The AGC amplifiers 7a, 7b 
are provided in order to raise the level of the signal 
as described above. It is, however, unavoidable 

45 that the two AGC amplifiers 7a, 7b have a gain 
difference therebetween even though they are 
manufactured similarly. 

To solve the aforesaid problem, as shown in 
FIG. 5, the two signals Out1, Out2 from the am- 

so plifying type solid-state imaging device are am- 
plified by the AGC amplifier 7. Switches (second 
switching means) 11a, 11b are connected to the 
front and rear stages of the AGC amplifier 7 so as 
to change in position to the first output Outl side 

55 or the second output Out2 side so that the AGC 
amplifier 7 can be operated to amplify the signal in 
a time division manner. 



10/4/06, EAST Version: 2.0.3.0 



11 



EP 0 617 552 A2 



12 



The solid-state imaging device according to a 
second embodiment of the present invention will 
be described below with reference to FIGS. 6 and 
7. FIG. 6 is a diagram showing an arrangement of 
the solid-state imaging device according to the 
second embodiment of the present invention. FIG. 
7 is a timing chart used to explain operation of the 
second embodiment of the present invention. 

The second embodiment shown in FIG. 6 is 
exactly the same as the first embodiment shown in 
FIG. 3 in circuit arrangement of the amplifying type 
solid-state imaging device. However,, the second 
embodiment is different from the first embodiment 
in circuit arrangement and operation of the external 
circuit of the amplifying type solid-state imaging 
device. 

According to the second embodiment, as 
shown in FIG. 6, the first output signal Out1 from 
the first sample and hold circuit 6a is inputted 
through the AGC amplifier 7a to the plus-side input 
terminal of the subtracter 10. The second output 
signal Out2 from the second sample and hold 
circuit 6b is inputted through the AGC amplifier 7b 
to the minus-side input terminal of the subtracter 
10. 

The first and second sample and hold circuits 
6a, 6b sample and hold the pixel signal and the 
noise signal of the same pixel at the same time. 

More specifically, as shown in FIG. 7, imme- 
diately after the horizontal blanking period of one 
horizontal period begins, the pixel signal S(n-1, n) 
of selected rows, e.g., n-1th and nth rows is read 
out. Then, the first sample and hold circuit 6a 
samples and holds the pixel signal S(n-1, n) in 
response to the sample control pulse <*>SH1 sup- 
plied thereto. Subsequently, the pixel of the n-1th 
and nth rows is reset and then the noise signal N- 
(n-1, n) is read out. The second sample and hold 
circuit 6b samples and holds the noise signal N(n- 
1, n) in response to the sample control pulse <f>SH2 
supplied thereto. 

When the horizontal blanking period is ended 
and the effective period begins, the pixel signal S- 
(n-1, n) and the noise signal N(n-1, n) are outputted 
simultaneously, i.e., the pixel signal and the noise 
signal of the same rows (n-1, n) of the pixel are 
outputted and then inputted to the subtracter 10. 
Consequently, the signal of the pixel signal S - 
noise signal N is outputted from the subtracter 10 
as the pixel signal, i.e., the pixel signal whose FPN 
is canceled is outputted from the subtracter 10. 

Therefore, the solid-state imaging device of 
this embodiment does not need the 1 H delay line 9 
and the swap switch 8. 

FIG. 8 shows a main portion of a modified 
example of the second embodiment shown in FIG. 
6. According to this modified example, as shown in 
FIG. 8, the first and second output signals Out1, 



Out2 are amplified by the single AGC amplifier 7 in 
a time division manner in exactly the same way as 
that of the modified example shown in FIG. 5. Also, 
the switches 11a, 11b are connected to the front 

5 and rear stage of the AGC amplifier 7 so as to 
change in position to the first output signal Out1 
side or the second output signal Out2 side so that 
the AGC amplifier 7 may amplify the first and 
second output signals Outl , Out2 in a time division 

io manner. Thus, it is possible to prevent a contrast 
difference from being produced between the scan- 
ning lines due to a gain difference of the AGC 
amplifier 7. 

According to the solid-state imaging device of 

75 the present invention, one ends of the first and 
second sample and hold circuits are connected to 
the vertical signal lines. The subtracter is con- 
nected to the rear stage of the sample and hold 
circuits through the switching means. The sub- 

20 tracter subtracts the noise signal outputted from 
one of the first and second sample and hold circuit 
from the pixel signal outputted from the other of 
the first and second sample and hold circuit. 

Therefore, according to the solid-state imaging 

25 device of the present invention, since the pixel 
signal and the noise signal of the same pixel out- 
putted from the first and second sample and hold 
circuits are simultaneously inputted to the sub- 
tracter which then subtracts the noise signal from 

30 the pixel signal, the FPN (fixed pattern noise) of 
each pixel can be canceled accurately and reliably. 
Thus, even when the FPN between the pixels is 
fluctuated, it is possible to obtain an accurate pixel 
signal, i.e., a pixel signal which precisely corre- 

35 sponds to the amount of light incident on the pixel. 

According to the solid-state imaging device of 
the present invention, since the pixel signal and the 
noise signal are sampled and held by the same 
sample and hold circuit without fail, the FPN in the 

40 sample and hold circuit can be prevented from 
being mixed into the pixel signal and a more ac- 
curate noise signal can be obtained, 

According to the solid-state imaging device of 
the present invention, the first and second sample 

45 and hold circuits sample and hold the pixel signal 
and the noise signal at every horizontal scanning 
period alternately so that the pixel signal and the 
noise signal that were sampled and held during the 
same horizontal scanning period are generated 

so from other pixel. Thus, even when the pixel signal 
and the noise signal that were sampled and held 
by the first and second sample and hold circuits 
during the same horizontal scanning period are 
generated from other pixel, the pixel signal and the 

55 noise signal of the same pixel can simultaneously 
be inputted to the subtracter by alternately sam- 
pling and holding the pixel signal and the noise 
signal by the first and second sample and hold 
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circuits and by delaying the pixel signal, and the 
FPN can be canceled. 

According to the solid-state imaging device of 
the present invention, one ends of the first and 
second sample and hold circuits are connected to 
the vertical signal lines. The output from the first 
sample and hold circuit is inputted to one input 
terminal of the subtracter and the output from the 
second sample and hold circuit is inputted to the 
other input terminal of the subtracter. The sub- 
tracter subtracts the noise signal from the pixel 
signal of the same pixel. Therefore, the first sample 
and hold circuit samples and holds the pixel signal 
and the second sample and hold circuit samples 
and holds the noise signal. The pixel signal and the 
noise signal are simultaneously inputted to the sub- 
tracter through the first and second output lines. 
Consequently, it is possible to remove the switch- 
ing means that is used to input the pixel signal and 
the noise signal of the same pixel to the subtracter 
at the same time. 

According to the solid-state imaging device of 
the present invention, the first and second sample 
and hold circuits and the subtracter have the am- 
plifying means and the second switching means 
provided at the front and rear stage of the amplifier 
connected therebetween. Therefore, since the two 
signals from the first and second sample and hold 
circuits are switched by the second switching 
means and amplified by one amplifying means, an 
S/N can be improved and the subtracter can sub- 
tract the noise signal from the pixel signal. More- 
over, because the subtracted pixel signal and the 
subtraction noise signal are amplified by the same 
amplifying means, the FPN in the amplifying 
means can be prevented from being mixed into the 
pixel signal. 

According to the solid-state imaging device of 
the present invention, since the vertical signal lines 
are grounded through the load means, the MOS 
transistor which forms the pixel and the load means 
constitute the source-follower circuit, thereby the 
output impedance being lowered. 

Further, according to the solid-state imaging 
device of the present invention, since each pixel 
includes the MOS transistor having a gate con- 
nected to the vertical scanning lines, a source 
connected to the vertical signal lines and a drain 
connected to the power supply, the solid-state im- 
aging device of the present invention can be ap- 
plied to a solid-state imaging device of the type 
such that the pixel is formed of the MOS transistor. 

Furthermore, according to the solid-state imag- 
ing device of the present invention, since the MOS 
transistor of each pixel is arranged such that a 
channel current is modulated on the basis of an 
amount of electric charges which are accumulated 
under the gate thereof by a photoelectric conver- 



sion, the solid-state imaging device of the present 
invention can be applied to the amplifying type 
solid-state imaging device. 

Having described preferred embodiments of 

5 the invention with reference to the accompanying 
drawings, it is to be understood that the invention 
is not limited to those precise embodiments and 
that various change and modifications could be 
effected therein by one skilled in the art without 

70 departing from the spirit or scope of the invention 
as defined in the appended claims. 

Claims 

75 1. A solid-state imaging device comprising: 

a plurality of pixels arranged in a matrix of 
rows and columns, each pixel converting in- 
cident light into a pixel signal; 

vertical scanning lines associated with 
20 rows of the pixels; 

vertical signal lines, associated with col- 
umns of the pixels, for respectively outputting 
said pixel signal; 

first and second sample and hold circuits 
25 associated with each of said vertical signal 

lines, said sample and hold circuits sampling 
and holding said pixels signal and a noise 
signal alternately; and 

a subtracter associated to said first and 
30 second sample and hold circuits through first 

switching means so that an output of said first 
and second sample and hold circuits is input- 
ted to a first input terminal of said subtracter 
when said noise signal is outputted, and is 
35 inputted to a second input terminal of said 

subtracter when said pixel signal is outputted 
to thereby obtain an output signal by subtrac- 
ting said noise signal from said pixel signal. 

40 2. A solid-state imaging device according to 
claim 1, wherein said pixel signal and said 
noise signal from the same pixel are sampled 
and held by the same sample and hold circuit 
of said first and second sample and hold cir- 

45 cuits. 

3. A solid-state imaging device according to 
claim 1, wherein said first and second sample 
and hold circuit sample and hold said pixel 

so signal and said noise signal alternately at ev- 

ery horizontal scanning period so that a pixel 
signal and a noise signal to be sampled and 
held during the same horizontal scanning pe- 
riod are generated from different pixels. 

55 

4. A solid-state imaging device according to 
claim 1 , wherein said first and second sample 
and hold circuits and said subtracter have am- 
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plifying means and second switching means 
connected therebetween. 

5. A solid-state imaging device according to 
claim 1 , wherein said vertical signal lines are 
grounded through load means. 

6. A solid-state imaging device according to 
claim 1, wherein said pixel includes an MOS 
transistor having a gate connected to said ver- 
tical scanning lines, a source connected to 
said vertical signal lines and a drain connected 
to a power supply. 

7. A solid-state imaging device according to 
claim 6, wherein said MOS transistor is ar- 
ranged such that a channel current is modu- 
lated on the basis of an amount of electric 
charges which are accumulated under the gate 
thereof by photoelectric conversion. 

8. A solid-state imaging device comprising: 

a plurality of pixels arranged in a matrix of 
rows and columns, each pixel converting in- 
cident light into a pixel signal; 

vertical scanning lines associated with 
rows of the pixels; 

vertical signal lines, associated with col- 
umns of the pixels, for respectively outputting 
said pixel signal; 

a first sample and hold circuit for sampling 
and holding a pixel signal and being asso- 
ciated to a first output line; 

a second sample and hold circuit for sam- 
pling and holding a noise signal after resetting 
the pixel and being associated to a second 
output line; and 

a subtracter for receiving an output of said 
first and second sample and hold circuits 
through said first and second output lines to 
thereby obtain an output signal by subtracting 
said noise signal from said pixel signal. 

9. A solid-state imaging device according to 
claim 8, wherein said vertical signal lines are 
grounded through load means. 

10. A solid-state imaging device according to 
claim 8, wherein said pixel includes an MOS 
transistor having a gate connected to said ver- 
tical scanning lines, a source connected to 
said vertical signal lines and a drain connected 
to a power supply. 

11. A solid-state imaging device according to 
claim 10, wherein said MOS transistor is ar- 
ranged such that a channel current is modu- 
lated on the basis of an amount of electric 



charges which are accumulated under the gate 
thereof by photoelectric conversion. 

12. A solid-state imaging device comprising: 

5 a plurality of pixels arranged in a matrix of 

rows and columns, each pixel converting in- 
cident light into a pixel signal; 

vertical scanning lines associated with 
rows of pixels; 

io vertical signal lines, associated with col- 

umns of pixels, for respectively outputting the 
pixel signal; 

first and second sample and hold means 
connected to said vertical signal lines in par- 

75 allel to each other for sampling and holding the 

pixel signal and a noise signal alternately, and 
sampling and holding different signals of said 
pixel signal and said noise signal during the 
same horizontal scanning period; 

20 means for delaying an output of the pixel 

signal from said first and second sample and 
hold means by one horizontal scanning period 
and outputting the delayed pixel signal; and 
a subtracter connected to said first and 

25 second sample and hold means for subtracting 

a noise signal from an output of said delayed 
pixel signal. 

13. A solid-state imaging device according to 
30 claim 12, wherein said pixel signal and said 

noise signal of the same pixel are sampled and 
held by the same sample and hold circuit. 
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